Human milk was collected from women in their 10th-14th weeks of lactation, and was analysed for amino acids. Corrections were made for losses of amino acids which were presumed to occur during acid hydrolysis, using a non-linear mathematical model that describes the simultaneous processes of amino acid yield and decay. The mean amino acid composition of the human milk was found to be similar to previously reported estimates, although the cysteine content of the human milk in the present study was 20 % higher than the average literature estimate. True (corrected for endogenous amino acid excretions) ileal amino acid digestibility of human milk was determined using the 3-week-old piglet as a model animal for the human infant. The piglets were given either human milk (n 6) or a protein-free diet (n 6) for a 6 d experimental period. Cr 2 O 3 was added as an indigestible marker, to both the human milk and protein-free diet. At the end of the experimental period the piglets were anaesthetized and samples of digesta removed from the terminal ileum of each piglet. After sampling the piglets were killed. Endogenous ileal excretions of amino acids were determined in piglets fed on the protein-free diet. The true digestibilities of total N and amino acid N were 88 % and 95 % respectively. The true ileal digestibility of the non-amino acid N fraction in human milk, when calculated by difference was only 50 %. The true digestibility of the amino acids in human milk ranged from 81-101 % with threonine (86 %) being the least digestible essential amino acid. When the true ileal digestibility values were used to correct the amino acid composition of human milk, the pattern of digestible amino acids in human milk was different compared with the currently recommended pattern of amino acid requirements for the infant.
There are several approaches for estimating the protein requirements of infants, and although there has been some debate as to its validity (Dewey et al. 1996) , the amino acid composition of human milk is commonly used as the standard upon which to base the amino acid requirements of infants (Committee on Nutrition, 1985; Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/UNU), 1985, 1990) . If the amino acid composition of human milk is to be used in this manner, however, there are two potential inaccuracies with present estimates of the profile of amino acids in human milk that need to be addressed. First, corrections for losses of amino acids which occur during the acid hydrolysis of milk samples before amino acid analysis, if made at all, are usually limited to serine and threonine. It has been demonstrated (Robel & Crane, 1972 ) that for improved accuracy corrections for other amino acids are also necessary. Second, it is assumed that the amino acids in human milk are completely digested. This may not be correct. There are a number of proteins present in human milk, the nutritional roles of which are uncertain. Lactoferrin and secretory immunoglobulin A (IgA), comprising approximately 20 % and 10 % of the total protein in human milk respectively (van Woelderen, 1987) , are involved in immune protection of the gastrointestinal tract (Lönnerdal, 1985) . Significant amounts of these proteins have been identified in the faeces of breast-fed infants (Ogra et al. 1977; Davidson & Lönnerdal, 1987; Prentice et al. 1989) . Although secretory IgA and lactoferrin, presumably of endogenous origin, have also been identified in the faeces of formula-fed infants (Haneberg & Tonder, 1973; Spik et al. 1982) , the considerably higher amounts found in the faeces of breast-fed infants would suggest that secretory IgA and lactoferrin partially survive proteolysis in the gut. This has direct nutritional implications, in that the gross amino acid composition of human milk may not necessarily reflect the profile of amino acids available to the infant.
Estimates of the digestible protein in human milk, based on amounts of immune proteins detected in the breastfed infant's faeces, range from 70 % of the total protein (Hambraeus et al. 1984) to 90-95 % of total protein (Davidson & Lönnerdal, 1987) . However, there is considerable microbial degradation of protein in the large intestine (McNeil, 1988) and amino acids do not appear to be absorbed in human colonic tissue (McNeil, 1988) . Thus faecal estimates of digestibility may be misleading and digestibility may be better determined at the terminal ileum (Sauer & Ozimek, 1986) . The aim of the present study was to determine the profile of amino acids absorbed in mature human milk. The study was conducted in two parts. The first part involved the collection of representative human milk samples and determination of the amino acid composition of each sample. Corrections were made for the losses of amino acids that occur during hydrolysis in acid before amino acid analysis, using a non-linear mathematical model (Darragh, 1995; Darragh et al. 1996) . In part two of the study the 3-weekold piglet was used as an animal model for the human infant, to determine the true (corrected for endogenous amino acids) ileal digestibility of the amino acids in mature human milk. The true ileal digestible amino acid composition of human milk is compared with the recommended amino acid requirements of the infant (FAO/WHO/UNU, 1985).
Part 1: Determination of the amino acid composition of mature human milk

Materials and methods
All aspects of the human research reported in this part of the study were approved by the Massey University Human Ethics Committee. Collection of milk samples. Twenty women (average age 29⋅6 (SE 0⋅83) years; mean body weight 64⋅7 (SE 2⋅08) kg; sixteen were primiparous) whose pregnancies were uncomplicated, resulting in the vaginal delivery of fullterm infants and who were currently nursing healthy exclusively breast-fed infants, participated in the study. At the beginning of the collection period the women were in their 10th-14th weeks of lactation (average 12 (SE 0⋅3) weeks). The women were fully informed of the milk collection procedure.
The women participating in the study expressed samples of milk under supervision. The breast, from which milk had not been removed for at least 3-4 h, and nipple were washed with distilled water and thoroughly dried with a sterile cotton towel. The maximum amount of milk that could be comfortably expressed (mean volume 83⋅9 (SE 6⋅0) ml) from one breast was collected using an electric breastpump (Egnell Inc., Cary, IL, USA). If necessary, to assist with milk let-down, the women were encouraged to suckle their infant at the contralateral breast during collection. The milk was collected into sterile, acid-washed polypropylene containers. The milk samples were gently mixed and a portion (25-30 ml) taken, which was subsequently freezedried. The remaining milk, which was to be used in the second part of this study, was stored at -20Њ. The process was repeated for each woman on ten occasions over a 20 d period. To ensure that a representative sample was obtained, the women were advised to express samples at different times during the day (i.e. three morning, four afternoon and three evening samples) and to alternate the breast from which the milk was expressed. The ten freeze-dried portions of the milk samples collected from each woman were pooled together to give one representative sample per woman.
Chemical analysis. The samples of freeze-dried human milk were analysed in duplicate for DM, ash and total N. The DM content of the samples was determined by drying samples in a forced-air oven at 60Њ until a constant weight was achieved. The samples were subsequently ashed in a furnace at 500Њ for 16 h. Total N was determined by the Kjeldahl method (Association of Official Analytical Chemists, 1980) .
Before amino acid analysis, the freeze-dried milk samples were defatted with light petroleum-ether (b.p. 40Њ-60Њ) using a Soxhlet apparatus (Association of Official Analytical Chemists, 1980) . The petroleum-ether extractable-fatpercentage of the milk was determined in duplicate.
Six replicates (5-7 mg/replicate) of defatted freeze-dried human milk collected from each of the twenty women, were accurately weighed into acid-washed pyrolysed (650Њ, overnight) glass test-tubes (10 ml) and 1 ml glassdistilled 6 M-HCl (containing 10 g phenol/l) was added to each tube. Four of the replicates were sealed under vacuum and hydrolysed in duplicate at 110 Ϯ 2Њ, two for 10 h and two for 24 h. An external standard (10 ml 40 mM-norleucin Code n-8513; Sigma, St Louis, MO, USA) was added to each of these hydrolysates and the two remaining replicates that had not been heated. The tubes were immediately dried down under vacuum (Automatic Speedvac Concentrator AS290, Savant Instruments Inc., Farmingdale, NY, USA) and 1 ml loading buffer (0⋅2 M-sodium citrate, pH 2⋅2) was added to each tube. The two unheated replicates were deproteinized non-chemically by ultrafiltration (exclusion limit 10 000 Da, Amicon Micropartition System, Amicon Division, Grace & Co., Danver, MA, USA). The ultrafiltrates and hydrolysates were loaded onto a Pharmacia LKB -Alpha Plus Amino Acid analyser (Cambridge, Cambs., UK). The amino acids were separated by ion-exchange chromatography and detected following reaction with ninhydrin. A further six replicates of freeze-dried human milk from each woman were also analysed for cysteine and methionine after peroxyformic acid oxidation (Moore, 1963) following the same hydrolysis procedure as for the acid-hydrolysed samples. Cysteine and methionine were detected as cysteic acid and methionine sulfone respectively, after loading on to an ion-exchange HPLC system (Millipore Corporation, Waters, Chromatography Division, Milford, MA, USA), with post-column O-phthalaldehyde derivatization and fluorescence detection. Tryptophan, being destroyed during acid hydrolysis, was not determined. The free molecular mass pertaining to each individual amino acid was used to convert from moles to a gram weight.
Data analysis. The amino acid compositions of the hydrolysates were corrected for losses of amino acids that occurred during acid hydrolysis using equation 1 which is based on the rearrangement of a non-linear model (Darragh, 1995) 
where A o is the original amount of amino acid in protein form before hydrolysis; B (t) is the amount of amino acid measured at time t; h is the rate at which an amino acid is liberated from its protein-bound state during acid hydrolysis, expressed as a proportion of the amount of amino acid remaining in protein form; l is the rate at which an amino acid in free form is degraded or altered to an undetectable form during acid hydrolysis, expressed as a proportion of the amount of amino acid in free form during acid hydrolysis; B o is the amount of free amino acid measured in a sample before hydrolysis. The amount of each amino acid present in the milk is the sum of A o and B o . The parameters h and l pertaining to each amino acid were derived in a previous study (Darragh, 1995) . An average estimate of A o , derived for each amino acid, using the 10 and 24 h hydrolysis values, was added to the average B o value to give the amino acid composition of the human milk samples. The amino acid N content of the human milk sample was determined by summation of the N contributed by each amino acid on a molecular mass basis.
Part 2: Determination of true ileal amino acid digestibility in human milk
Methods and materials
All aspects of the human and animal research reported in this part of the study were approved by the Massey University Human Ethics and Massey University Animal Ethics Committees respectively. Animals and housing. Eighteen Landrace × Large White entire male piglets (average age 6 d; mean body weight 2⋅3 (SE 0⋅12) kg) were selected at random from a group of piglets originating from nine different litters of pigs (Pig Research Unit, Massey University). The piglets were penned individually in moulded-plastic metabolism cages and were kept in a temperature-controlled room maintained at 30 Ϯ 1Њ with a constant cycle of 15 h light and 9 h dark.
Diets. The three diets used included a preliminary diet, human milk and a protein-free (PF) diet. The latter diet was given to the piglets to allow determination of endogenous amino acid flows at the terminal ileum. The composition of the preliminary diet has been reported previously (Darragh et al. 1994) . The composition of the PF diet (Table 1) was formulated to resemble human milk with respect to its carbohydrate, fat, vitamin and mineral components.
The preliminary diet was mixed with distilled water daily (14 g DM/100 ml water) and was kept refrigerated at 4Њ. The PF diet was also prepared daily (14⋅5 g DM/100 ml water) by mixing the non-oil fraction with warm distilled water. The oils were added and the liquid homogenized at pressures of 200 kg/cm 2 (stage 1) and 75 kg/cm 2 (stage 2). The surplus human milk from Part 1 of the study, which had been stored at -20Њ, was thawed at 4Њ as required. All the liquids were warmed to 35Њ before feeding and each piglet's daily allocation was given in equal amounts every 2⋅5 h throughout the day, from 06.30 to 21.30 hours.
Experimental procedure. In the 9 d following removal from the sow and before commencement of the experimental period the piglets were trained to drink the preliminary diet from bottles with soft rubber teats attached. At each meal time the piglets were removed from their pens and individually hand-fed their diets. During each meal, the minimal spillage (2-5 ml) which occurred was collected and meal intakes subsequently adjusted. The daily allowance for all diets was set at 42 g DM/kg body weight per d. This corresponded to a level of intake on a gut capacity basis (0⋅923 g DM/cm 3 of estimated stomach volume per d) similar to that of breast-fed human infants, assuming that the piglet has a gut capacity, on a bodyweight basis, twice that of the human infant (Moughan et al. 1992a; Darragh & Moughan, 1995) . The piglets were weighed (Ϯ10 g) on day 4 and day 8 of the preliminary period, and their feed intakes were adjusted.
At the end of the 9 d preliminary period each piglet was fitted with a Karaya base plate and human ostomy bag around the anal region (Darragh et al. 1994) to allow the collection of faeces, thus preventing coprophagy.
On day 1 of the 6 d experimental period the piglets were randomly allocated to either the human milk or PF diet (six piglets/diet) and were given a 50 : 50 mix of the preliminary diet and their allocated experimental diet to allow them to adapt to any variation in taste. On day 2 the piglets were weighed, the level of food intake was adjusted, and from days 2-6 of the experimental period the piglets received their allocated experimental diet. In the final 2 d of the experimental period fresh human milk was collected from a further ten mothers in their 10th-14th weeks of lactation, using the selection criteria and collection procedures described in Part 1. The fresh human milk was pooled and stored at 1Њ. On the penultimate and final days of the experimental period (days 5 and 6) the piglets allocated the human milk were given fresh human milk. It was 27 Amino acids in human milk important that the human milk fed to the piglets on the final day of the experimental period was fresh as some of the functional properties of the human milk may have been altered by freezing and storage (Garza et al. 1982) . During the experimental period Cr 2 O 3 was added, as an indigestible marker, to each piglet's daily allocation of human milk or PF diet to give a final concentration of 3 g/kg DM. Before and during each feeding the diets were thoroughly mixed to ensure that an even distribution of the marker in the diet was maintained. On days 4 and 5 of the experimental period the meal frequency was changed to hourly feedings between 06.30 hours and 21.30 hours. It was assumed that an hourly feeding regimen would ensure a relatively constant flow of representative digesta at the end of the ileum.
On the final day of the experimental period (day 6) and beginning 10 h after the first feeding of the day, piglets were chosen at random to be killed for the sampling of ileal digesta. At 30 min after a meal, each piglet was anaesthetized with halothane gas (Fluothane, Imperial Chemical Industries Ltd., Cheshire, UK) and the abdominal cavity was opened. The 400 mm of ileum directly anterior to the ileo-caecal valve was isolated and dissected from the body. After removal of the ileum the piglet was killed by intracardial injection of 2 ml sodium pentobarbitone (Anathal, 300 mg/ml; Chemstock Animal Health, Christchurch, New Zealand). The external surface of the dissected ileal segment was rinsed with distilled water to remove residual blood and tissue. The contents of the section were flushed with distilled water from a plastic syringe and the digesta samples were immediately frozen. The ileal digesta samples and subsamples of the fresh human milk and PF diet were freeze-dried, finely ground and stored at -20Њ while awaiting chemical analysis.
Chemical analysis. The samples of freeze-dried human milk, PF diet, and the ileal digesta samples were analysed in duplicate for DM, ash and total N as described in Part 1. The Cr contents of the diets and ileal samples were also determined in duplicate by the method of Costigan & Ellis (1987) .
The amino acid compositions of duplicate freeze-dried defatted samples of the human milk and the ileal samples were determined (see Part 1) following 24 h acid hydrolysis. The determination of cysteic acid and methionine sulfone in the ileal digesta samples was not possible due to limited sample size. Free molecular masses of the amino acids were used to convert from moles to a gram weight.
Data analysis. The ileal flows of N and amino acids (AA) related to the ingestion of 1 g dietary DM were calculated using equation 2 (units are mg/g DM):
The apparent and true ileal digestibilities of N, amino acid N and the individual amino acids in the human milk were calculated using equations 3 and 4 respectively (units are mg/g DM):
The amino acid compositions of ileal digesta samples from the piglets fed on either human milk or the PF diet were not corrected for amino acid losses occurring during hydrolysis because the parameters h and l (see equation 1) have not been determined for ileal digesta. Consequently, the digestibility values were calculated using the uncorrected amino acid composition determined after 24 h hydrolysis of the pooled sample of the human milk and the ileal digesta samples.
The apparent and true digestibility data for N, amino acid N and the individual amino acids were analysed statistically using a one-way ANOVA (GLM procedure, Statistical Analysis Systems, 1985) .
Results
For the DM, ash, N, fat and Cr determinations, the overall mean differences between duplicates within samples (expressed as a percentage of the mean), were 0⋅6, 1⋅8, 0⋅7, 3⋅8 and 6⋅4 % respectively. For the analysis of amino acids the overall mean differences between duplicates (expressed as a percentage of the mean) were 5⋅4 % and 2⋅3 % for the ninhydrin detected amino acids and sulfur amino acids respectively.
Part 1: Determination of the amino acid composition of mature human milk
The chemical composition of the human milk is given in Table 2 . The non-protein N content of the human milk determined by difference was 25⋅6 % of the total N. The crude protein content of the human milk, calculated by multiplying the total N content by the conversion factor of 6⋅38, was 11⋅3 g/l. Multiplying the amino acid N by 6⋅38 gave a protein content of 8⋅4 g/l, whereas the protein content of the milk derived by summation of the amino acids (accounting for the water of hydrolysis but excluding tryptophan) was 8⋅8 g/l.
The parameters used to determine the amino acid composition of human milk are presented in Table 3 . Estimates of h and l (see equation 1) were used to derive an average estimate of A o for each amino acid using the 10 and 24 h hydrolysis data. As outlined earlier, an average B o value was added to the A o value to give the final amino acid composition. The amino acid composition of human milk, corrected for losses of amino acids occurring during acid hydrolysis, can also be compared with that determined using a routine 24 h acid hydrolysis, in Table 3 . Expression of the average amino acid composition of the human milk samples per litre, per g DM, and per g total N are given in Table 4 .
Part 2: Determination of the true ileal digestibility of amino acids in human milk
One piglet (PF diet) developed diarrhoea and was removed from the study. The remaining piglets appeared healthy and consumed the diets readily. The mean growth rates during the experimental period were 72 (SE 5) and 44 (SE 9) g/d for the piglets fed on human milk and the PF diet respectively. The endogenous flows of amino acids at the terminal ileum for piglets fed on the PF diet (Table 5) were used to determine true ileal amino acid digestibility values (Table 6 ). Apparent amino acid digestibility values are also given in Table 6 . There were significant differences between apparent and true digestibility for total N, amino acid N and for all of the individual amino acids except valine in human milk. The lower digestibility of total N compared with the digestibility of the amino acid N in the human milk was probably due to the lower digestibility of the non-amino acid N fraction in human milk. The true digestibility of the non-amino acid N, calculated by difference, was 50 %.
The very low apparent digestibility for glycine in the human milk is indicative of a large excretion of endogenous glycine. The subsequent correction of this value for the endogenous flow of glycine resulted in a true digestibility more in line with the true digestibilities of the other amino acids. The essential amino acid threonine also had a low apparent digestibility, and remained the second least digestible amino acid in human milk after correction for endogenous amino acid excretion.
Discussion
In the present study, representative samples of mature human milk (Ͼ12 weeks lactation) were collected from women, following recommendations for the collection and storage of human milk outlined in the literature (Department of Health and Social Security, 1981; Hamosh et al. 1984) . External factors such as the maternal diet (Lönnerdal, 1986) , circadian variation (Hytten, 1954) and the health of the mother (Butte et al. 1987) will affect the composition of human milk. In general, however, the protein content does not vary significantly compared with the fat, vitamin and mineral contents of human milk. This was reflected, in the present study, in the variability of the different components of human milk (Table 3) with CV of 19⋅2 % and 8⋅2 % for the fat and protein contents of the milk respectively. 29 
Amino acids in human milk
A, amount of protein-bound amino acids remaining during hydrolysis; ASE, asymptotic standard error (see Darragh et al. 1996) ; B, amount of amino acid in free form during hydrolysis; B o , amount of amino acid in free form in human milk; h, rate of amino acid hydrolysis (fractions of A determined by non-linear least squares regression of multiple hydrolysis intervals); l, rate of amino acid loss (fraction of B determined by non-linear least squares regression of multiple hydrolysis intervals). * Multiple hydrolysis intervals used in calculation of h and l were 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 60 and 120 h. ** (nmol/mg defatted freeze-dried matter). † Determined using h, l, B o , and the 10 and 24 h hydrolysis profiles in a curvilinear model (see Darragh 1995) . ‡ Determined as cysteic acid.
The average protein content (8⋅8 g/l) of the human milk in the present study was similar to literature estimates (Lönnerdal et al. 1976; Hambraeus et al. 1978) , although somewhat lower than the value of 10⋅7 g protein/l reported by the Department of Health and Social Security (1977) . The non-amino acid N fraction (25⋅5 %) of the total N in the human milk was also similar to previously reported estimates (Lönnerdal et al. 1976; Department of Health and Social Security, 1977; Hambraeus et al. 1978) .
Although precise comparison is difficult, due to the variety of collection, analysis and reporting techniques used in different studies, the average gross amino acid composition of the human milk in the present study was generally similar to the average of several literature estimates (Department of Health and Social Security, 1977; Svanberg et al. 1977; Casey & Hambidge, 1983; Committee on Nutrition, 1985) . The concentration of cysteine, however, was some 20 % higher than the average literature estimate and 16 % higher than the highest previously reported estimate (Department of Health and Social Security, 1977) . The higher cysteine value in the present study is a result, at least in part, of the correction for losses of cysteic acid when the human milk was hydrolysed in acid before amino acid analysis. The cysteic acid in human milk has been shown to experience a loss rate, during acid hydrolysis, greater than that shown by serine (Darragh et al. 1998) . Although cysteine is not generally recognized as an essential amino acid in the human adult, there is some suggestion that cysteine is essential for the human infant (Sturman et al. 1970) , signifying that accurate determination of the cysteine content of human milk is necessary. To this end, correction for losses of cysteine during acid hydrolysis should be made. The gross amino acid composition of human milk is used as a standard for determining the amino acid requirements of the infant, assuming that the amino acids in human milk are completely absorbed by the infant (FAO/WHO/ UNU, 1990). It has been suggested, however, that several of the proteins in human milk resist digestion (Hambraeus et al. 1984) , as significant amounts of intact immune proteins have been found in the faeces of breast-fed infants. Van Woelderen (1987) proposed that the digestible protein in human milk could be determined by making a correction for the faecal immune proteins. The faecal method for determining amino acid digestibility, however, leads to * All amino acids were correlated for losses that occurred during acid hydrolysis, and were converted from moles to mg using the appropriate molecular mass including the molecular mass of the water of hydrolysis. † Detected as cysteic acid. ‡ Detected as methionine sulfone. considerable overestimation of digestible protein, due to the significant microbial breakdown of protein, mainly to NH 3 , that occurs in the large intestine (McNeil, 1988 ). An alternative approach is to determine the digestibility of the amino acids in human milk at the end of the small intestine taking into consideration the endogenous excretion of amino acids. The routine collection of ileal digesta from human infants is not feasible, however, thus dictating the use of an animal model.
The piglet would appear to be a suitable animal model for studying aspects of protein digestion in human infants. A comparative review (Moughan et al. 1992a) of the digestion of protein in milk-fed piglets and human infants highlights anatomical and physiological similarities in the digestive processes of these species, especially when comparison is made at the physiologically comparable age corresponding to peak milk output in the mother (approximately 3 weeks in the piglet and 3 months in the human infant). Furthermore, direct comparison of the digestion of a high-quality protein in human infants and piglets (Darragh & Moughan, 1995) has demonstrated that the two species have a similar capacity to digest protein, although the comparison was limited to faecal measurements. Validation of the piglet as a model for the infant at the ileal level is more difficult. Direct comparison of the digestion of proteins at the end of the small intestine in adult human subjects and growing pigs, however, has shown similarities between the two species in their capacity to digest protein (Rowan et al. 1994) . In the present study, therefore, the 3-week-old piglet was used as a suitable model for the human infant to determine the true ileal amino acid digestibility of human milk, with experimental conditions being chosen to mimic closely the feeding of milk to human infants.
The ileal amino acid flows in piglets given human milk were corrected for endogenous amino acid flows, to give true ileal digestibility values. Endogenous ileal amino acid flows can be determined after feeding an animal on a PF diet. The PF diet method has been criticized, however, as being 'unphysiological', and endogenous flows may be underestimated (Low, 1980) . In the present study, the endogenous amino acid flows determined using the PF diet method were, in general, greater than those previously determined in 15-20 kg pigs (Moughan et al. 1992b; Butts et al. 1993) with the exception of glutamic acid which was lower and proline which was up to 8-fold lower when compared with previous estimates. Proline appears to be the most abundant amino acid in the endogenous excretion collected at the terminal ileum of pigs fed on PF diets (Moughan & Schuttert, 1991; Moughan et al. 1992b; Butts et al. 1993) . The abundance of proline in the digesta of pigs receiving a PF diet may be directly related to the protein status of the pig. In animals deprived of dietary protein, body protein, primarily in the form of muscle, is broken down to supply amino acids essential for metabolism. Alanine and glutamine account for more than 50 % of the total a-amino acid N released from muscle tissue (Rodwell, 1985) . The intestinal tissue takes up large quantities of glutamine which in turn can be metabolized to proline (Rodwell, 1985) , which it has been suggested (Sauer & de Lange, 1992) , leads to an increase in the excretion of both glutamine and proline into the gut lumen. When determining the endogenous excretion of amino acids using the PF diet method, the standard procedure is to feed the PF diet to the animal for 7 d or more before collection of digesta. In the present study the piglets were fed on the PF diet exclusively for only 4 d. Given the low excretion of proline and glutamic acid compared with other studies, it is possible that the piglets did not receive the PF diet long enough to induce major muscle breakdown. An alternative and possibly more physiological approach to determining endogenous ileal amino acid flows, whereby ileal samples are collected from animals fed with an enzymically hydrolysed protein which is then processed to remove undigested dietary N (Butts et al. 1993) , was used here in a preliminary study to determine endogenous ileal amino acid flows in the 3-week old milk-fed piglet. There was concern, however, about the validity of these flows, as difficulties were encountered in obtaining representative digesta samples. In this case, the PF diet-derived endogenous amino acid flows determined in the present study, were used to correct the ileal amino acid flows in the piglets fed on human milk.
The true ileal digestibilities of the amino acids in human milk ranged from 81 to 101 %. The true ileal digestibility of glycine (81 %) needs to be interpreted with caution, however, as an overestimation of the endogenous flow of glycine in animals fed on a PF diet has been reported (Moughan et al. 1992b) . The apparent glycine digestibility value of 16 % suggests that the endogenous excretion of glycine was considerable in the piglets fed on human milk, most probably due to conjugation of the piglets' bile acids with glycine. If the endogenous glycine flow is an overestimation, the true ileal digestibility of glycine may be 31 Amino acids in human milk Jackson (1989) suggested that human milk may be an inadequate source of glycine for the infant, based on the small amount of glycine present in human milk. The results from the present study suggest that the digestible glycine content of human milk is even lower. In addition to glycine, the amino acids threonine, proline and valine were also less digestible compared with the other amino acids in human milk. These amino acids are present in greater proportions in the immune proteins lactoferrin, secretory IgA and lysozyme, compared with the other proteins in human milk (Harzer & Bindels, 1987) . Their lower true digestibility may be indicative of a reduced digestibility of the immune proteins in the piglet's intestine. This has direct implications for the specification of amino acid requirements for human infants with the digestible rather than gross amino acid composition of human milk being a more appropriate base. Further, given the differences in the digestibility of individual amino acids, the digestible amino acid profile of human milk should be determined using individual amino acid digestibility values rather than a single N digestibility value.
The amino acid composition of human milk and the digestibility values determined in the present study were used to derive a profile of digestible amino acids for milk. The pattern of digestible amino acids (relative to lysine) was somewhat different from the pattern reported by FAO/ WHO/UNU (1985) as representative of the amino acid requirements for infants (Table 7) . A combination of correction for hydrolytic losses of amino acid during acid hydrolysis and for amino acid digestibility resulted in a significant change in the proportions of the essential amino acids relative to lysine. When the digestible rather than gross amino acid composition of human milk was used as a standard, the total amount of essential amino acids relative to lysine increased. The proportions of isoleucine, leucine and the aromatic amino acids increased, while the proportions of histidine and, to a greater extent, valine decreased relative to lysine in the pattern of digestible amino acids. Higher concentrations of valine have been reported in the plasma of formula-fed infants compared with breast-fed infants (Räihä et al. 1986; Lönnerdal & Chen, 1990) . Although, this may in part be due to the higher intake of valine in formula-fed infants, the extent of the difference may be accentuated by the lower intake of digestible valine relative to lysine in breast-fed infants.
The overall true ileal digestibility of the protein (95 %) in human milk in the present study was higher than expected (Hambraeus et al. 1984; Davidson & Lönnerdal, 1987) . The piglet may have digested the human milk more efficiently than would be expected in the breast-fed infant, however, with the immune proteins in the human milk possibly being more susceptible to digestion in the piglet. Lactoferrin can exist in either an Fe-saturated form or free of Fe, with the Fe-saturated form being more resistant to digestion (Brock et al. 1976) . Although lactoferrin in human milk is only saturated to a very limited extent (Fransson & Lönnerdal, 1980) , it has been suggested that Fe present in other compartments in the milk may be released and transferred to lactoferrin (Lönnerdal, 1985) , thus increasing the resistance of lactoferrin to digestion. There is the possibility that saturation of the lactoferrin did not occur in the piglet's intestine, rendering lactoferrin more susceptible to digestion. Schmitz et al. (1991) demonstrated, however, that a significant proportion of bovine lactoferrin fed to 3-weekold piglets was detected at the end of the ileum suggesting that proteolytic resistance of the immune proteins may not be species-specific.
It is concluded that the absorbed rather than gross amino acid composition of human milk may be a more appropriate base from which to determine the amino acid requirements of infants and that when the absorbed amino acid profile of human milk is determined, the pattern of amino acid requirements is different compared with the recommended pattern. For improved accuracy in determining the digestible amino acid composition of human milk, corrections should be made for losses of amino acids which occur when human milk is hydrolysed in acid before amino acid analysis. True ileal amino acid digestibility values should be used to correct the gross amino acid composition of human milk to account for differences in digestibility among the amino acids. 
